ABSTRACT. Previous reports indicate that the beneficial effecst of chitin nanofibrils 20
(CNFs), and chitosan nanofibrils (CSNFs) for wound healing. In this study, the wound 21 healing effects of superficially deacetylated chitin nanofibrils (SDACNFs) were 22 evaluated using an experimental model. In the experiments using circular excision 23 wound model, SDACNFs induced re-epithelium and proliferation of the fibroblasts and 24 collagen tissue. In the chitin, CNFs, and CSNFs, on the other hand, the e-epithelium 25 and proliferation of the fibroblasts and collagen tissue were not induced perfectly 26 compred with the SDACNFs group. In particular, re-epithelization was observed on day 27 4 in the only SDACNF group. Moreover, SDACNFs did not induce severe systemic 28 inflammation in the linear incision wound model. The data indicated that SDACNFs 29 effectively induced the proliferation and re-modeling phases compared with chitin, 30
CNFs, and CSNFs in the wound. These data indicate that SDACNFs can be beneficial 31 as a new biomaterial for wound healing. 32
Introduction 40
Chitin is widely distributed in nature and is the second most abundant 41 polysaccharide after cellulose (Muzzarelli, 2011) . Chitin occurs in nature as ordered 42 macrofibrils and is the major structural component in the exoskeleton of crab and 43 shrimp shells as well as the cell walls of fungi and yeast (Muzzarelli, 
Animals 112
Wister rats (6-week-old, females) were purchased from CLEA Japan (Osaka, 113 Japan). The animals were reared in a room with the temperature controlled at 22 ± 2 °C, 114 humidity at 50 ± 5%, with ventilation 11 times per hour and lighting set at 12:12-h 115 light/dark cycle (light cycle, 7:00-19:00), and they were given standard chow (CE-2; 116 Nihon Clea, Tokyo, Japan). The Animal Research Committee of Tottori University 117 approved the care and use of the mice in this study. Briefly, rats were randomized into six groups: the non-treatment (NT) group, the diluted 124 water (water) group, the chitin group, the CNFs group, the SDACNFs group, and the 125 CSNFs group (n = 10 in each group). The rats were anesthetized via inhalation of 2-3% 126 isoflurane (Intervet Co. Ltd., Tokyo, Japan), and their back hairs were depilated by 127 shaving. A circular wound was created on the dorsal region of each animal by excising 128 the skin with an 8-mm biopsy punch (day 0; Kai Corporation and Kai Industries Co., 129
Ltd., Tokyo, Japan). Then, full-thickness and diameter of 8 mm mounds were prepared 130 for all animals. Samples or dilluted water (0.05 mL) were applied topically on days 0, 2, 131 4, and 6. Animals in the non-treated (NT) group were not treated with any materials. On 132 days 0, 4, and 8, the repair ratios of wound areas were monitored by cameras. Wound 133 contraction ratios on days 4 and 8 were calculated as a percentage of the reduction in 134
wound areas compared with that on day 0. On days 4 and 8, animals were killed by 135 cervical dislocation via inhalation of 3-5% isoflurane (n = 4 in each group on day 4, and 136 n = 6 on day 8). Skins around the wounds were harvested and subjected to 137 randomized into six groups: the non-treatment (NT) group, the diluted water (water) 164 group, the chitin group, the CNFs group, the SDACNFs group, and the CSNFs group (n 165 = 6 in each group). Rats were anesthetized via inhalation of 2-3% isoflurane, and their 166 back hairs were shaved using a shaving machine. A linear-paravertebral full-thickness 167 skin incision of 4 cm in length was created with a sterile surgical blade (day 0). Samples 168 or water (0.1 mL) were dropped into the incised wound. The incised wound was sutured 169 by three surgical interrupted sutures placed 1 cm apart by using 4-0 surgical wire. 170
Animals in the non-treated (NT) group were not treated with any materials. On day 7, 171 blood collections were performed with inhalation of 2-3% isoflurane. Thereafter, rats 172 were killed by cervical dislocation. Skin samples were taken and subjected to 173 histopathological examination. 174
White blood cell count 176
Collected blood was immediately treated with ethylenediaminetetraacetic acid 177 (EDTA) to prevent coagulation. The number of white blood cells was counted using an 178 auto-blood cell analyzer (Sysmex Co., Kobe, Japan). re-epithelization was not observed in the other groups on day 4. In the SDACNF group, 219 complete re-epithelization was observed on day 8 (Figure 4 ). In the CNF group, 220 adequate re-epithelization was also observed on day 8 (Figure 4 ). In the other groups, 221 however, incomplete re-epithelization was observed. In the SDACNF group, fibroblast 222 proliferation was well observed on day 8 and was superior to that of the other groups 223 The results of MT staining on day 8 are shown in Figure 5 . In the SDACNF group, 245 many positive areas of MT staining were observed compared with those of the other 246 groups on day 8. Following the histopathological examination, wound healing stages 247 were summarized in each experimental group (Table 2 ). The wound healing process 248 were consists of three phases, namely inflammation, proliferation, and re-modeling. As 249 a defense mechanism of the tissue, the first response is inflammation, which provides 250 resistance to microbial contaminations. However, a long duration in the inflammatory 251 phase causes a delay in the healing process (Kondo, 2007) . The results of the present 252 study indicate that SDACNFs strongly induced proliferation and re-modeling phases 253 than CNFs and CSNFs (Table 2) . Especially, the sign of the proliferation was observed 254 in only the SDACNFs group on day 4. On the other hand, the remodeling phase was not 255 observed in the other groups. In only the SDACNFs group, the complete regeneration of 256 the epithelium was observed on day 8. In the CNF group, mild proliferation and re-257 modeling phases were observed on day 8. However, the regeneration of the epithelium 258 was not completed (Figure 5 ). This result also indicates that SDACNFs quickly progress 259 the inflammation phase and induced proliferation and re-modeling phases. Orgill (2011) described that membranes consisting entirely of chitin nanofibers were 272 applied to dorsal excisional wounds of db/db mice followed by application of a vacuum 273 device. Results included significant expression of platelet-derived growth factor, 274 transforming growth factor, epidermal growth factor, superior granulation tissue 275 formation rich in collagen-I as well as epithelialization and wound contraction. In this 276 study, we dropped small amount of materials for the wound. Thereby, the wound 277 healing effects of chitin was not enough. In the CNFs groups, enough regeneration of 278 the epidermal was observed. However, the proliferation of fibroblast is inadequate. In 279
CSNFs group, adequate proliferation of fibroblast was observed. But the regeneration of 280 the epidermal was poor. In the SDACNFs group, on the other hand, well regeneration of 281 epidermal and proliferation of fibroblast were observed. These results might be 282
indicating SDACNFs promote wound healing with the efficiency. biomaterials for the wound healing process. However, the further study focusing on the 313 antioxidant and antimicrobial activities of SDACNFs must be performed. 314
In conclusion, the data in the present study indicate that SDACNFs effectively 315 induced the proliferation and re-modeling phases in wound healing. In particular, 316
SDACNFs quickly promote re-epithelization and proliferation of fibroblast. Moreover, 317
SDACNFs did not induce severe systemic inflammation. These results indicate that 318
SDACNFs are beneficial as a new biomaterial for wound healing. 
